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(54) PLASMA PROCESSING SYSTEM 
(57)Abstract: 

PURPOSE: To apply an RF field or a DC field to 
grounded parallel electrode plates and sv/itch them, so 
as to make plasma processing uniform and stable for a 
long period of time. 

CONSTITUTION: Sv/itch means 9 enables selection of 
grounding facing electrode plates 5 or connection to an 
RF power source 8 for application of radio frequencies. 
The parallel electrode plates 5 are insulated from a 
reactor 1 by an insulator, and have a plurality of holes 5b 
for guiding microwaves into a reaction chamber 2. In 
performing plasma processing on a sample by this 
system, the electrode plates 5 are grounded by the 
switch means 9, and a solvent is circulated in a 
thermostatic fluid passage 15. After the reaction 
chamber 2 is evacuated to a predetermined pressure, a 
reaction gas is supplied from a has feed hole 12. A 
microwave liquid is oscillated and supplied into the 
reaction chamber 2 through the hcles 5b of the facing 
electrode plates. A plasma is produced, and an RF power 

is applied to a sample stage 6 to generate a bias voltage on the surface of a sample S 
the sample S is plasma-processed. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The dielectric line used as microwave waveguide, and the reaction container by which 
the microwave inlet by which opening was carried out to the field which counters this dielectric 
line was airtightly closed with the microwave installation plate, The sample base arranged in this 
reaction container, and a means to impress RF electric field or direct-current electric field to 
this sample base, The counterelectrode plate which has the hole into which the plasma is made 
to introduce or it is prepared between said microwave installation plates and said sample bases 
and makes microwave penetrate, Plasma treatment equipment characterized by having a means 
to ground this counterelectrode plate, a means to impress RF electric field or direct-current 
electric field to this counterelectrode plate, and the means that switches these. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation, 

1. This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the plasma treatment equipment suitable for 
processing thin film formation, etching, ashing, etc. to a semiconductor device substrate, the 
glass substrate for liquid crystal displays, etc. using the plasma. 
[0002] 

[Description of the Prior Art] The equipment which introduces reactant gas, microwave, or a RF 
in the decompressed reaction container, is made to generate the plasma, irradiates this plasma 
on the surface of a sample, and performs thin film formation and etching is indispensable to 
manufacture of a semiconductor device etc. Also especially in it, as for independently 
controllable respectively plasma treatment equipment, generation of the plasma and the energy 
of the ion in the plasma are becoming indispensable to the embedding technique in thin film 
formation, or a dry etching technique, and the researches and developments are furthered. 
[0003] Dr awin g 4 is the sectional view of the plasma treatment equipment which generation of 
the above-mentioned plasma and the energy of ion can control independently (JP,6~1 04098,A). 
One in drawing is the reaction container of a hollow rectangular parallelepiped. The reaction 
container 1 is formed using metals, such as aluminum (aluminum), the interior of the perimeter 
wall of the reaction container 1 — constant temperature — a fluid channel 15 is formed and the 
temperature control of a perimeter wall is performed by circulating the solvent of predetermined 
temperature. The reaction chamber 2 is established in the interior of the reaction container 1. 
Opening of the microwave inlet 3 has been carried out to the upper part of the reaction 
container 1, and this microwave inlet 3 is closed by the airtight by pinching O ring 11 between 
the up walls of the reaction container 1 with the microwave installation plate 4. 
[0004] In addition, the microwave installation plate 4 has thermal resistance and microwave 
permeability, and is formed with dielectrics, such as quartz glass (Si02) with small dielectric loss, 
and an alumina (aluminum 203). 

[0005] It counters above the reaction container 1 with the microwave installation plate 4, and 
the dielectric line 21 which consists of dielectric layer 21a and metal plate 21b so that this may 
be covered is formed in it. Fluororesins, such as Teflon (trademark), polystyrene, polyethylene, 
etc. are used for dielectric layer 21a. Aluminum etc. is used as metal plate 21b. The microwave 
oscillator 24 is connected with the end of the dielectric line 21 through the waveguide 23. 
Microwave is introduced into the dielectric line 21 through a waveguide 23 from an oscillator 24, 
and is introduced in the reaction container 1 from here. 

[0006] In the reaction chamber 2, the sample base 6 which lays Sample S in the location which 
counters in the microwave installation plate 4 is arranged. It connects with RF generator 7 and 
the sample base 6 serves as the electrode for making a sample S front face generate bias 
voltage. It is prepared so that the counterelectrode plate 5 may touch the underside of the 
microwave installation plate 4. Opening of the hole 5b for making microwave penetrate is carried 
out to this counterelectrode plate 5. This counterelectrode plate 5 is grounded and the role of 
the counterelectrode to the sample base 6 on which a RF is impressed is played. That is, the 
bias voltage uniform [ in the sample S front face ] and stabilized can be generated by having this 
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grounded counterelectrode plate 5. moreover, constant temperature to prepare [ which both 
maintains Sample S to predetermined temperature ] adsorption devices (not shown), such as an 
electrostatic chuck for holding Sample S, in the sample base 6 — the circulator style of a fluid is 
arranged. 

[0007] The gas installation hole 12 for introducing necessary reactant gas into the perimeter wall 
of the reaction container 1 is formed. Moreover, the exhaust port 13 connected to the exhauster 
which is not illustrated is formed in the lower wall of the reaction container 1, and it is exhausted 
from here. 

[0008] How to perform plasma treatment to the sample S laid on the sample base 6 in this 
equipment is explained, the solvent of first predetermined temperature — constant temperature 
— it is made to circulate in a fluid channel 15 Reactant gas is supplied from the gas installation 
hole 12 prepared in the perimeter wall, and let the inside of a reaction chamber 2 be a 
predetermined pressure, after performing exhaust air from an exhaust port 13 and exhausting the 
inside of a reaction chamber 2 to a necessary pressure. 

[0009] Subsequently, microwave is oscillated in a microwave oscillator 24 and it introduces into 
the dielectric line 21 through a waveguide 23. If it does so, electric field will be formed down the 
dielectric line 21. This electric field penetrate hole 5b of the microwave installation plate 4 and 
the counterelectrode plate 5, it is supplied in a reaction chamber 2, and the plasma generates. 
Impress high-frequency power to the sample base 6, a sample S front face is made to generate 
bias voltage, and the anisotropy and acceleration energy of ion in the plasma are controlled. 
Thus, plasma treatment is. performed to Sample S, controlling the anisotropy and energy of ion in 
the plasma. 

[0010] Since the plasma is generated under a dielectric line along the travelling direction of 
microwave with above-mentioned plasma treatment equipment, the plasma of a large area can be 
made to generate easily. 

[001 1] Moreover, it is uniform on the surface of a sample, and since the stable bias voltage can 

be produced, plasma treatment can be performed to a sample, controlling ion energy. 

[0012] 

[Problem(s) to be Solved by the Invention] However, using the plasma, membranes may be 
formed on a sample or a resultant may adhere a sample not only a sample top but in a reaction 
container a plasma-etching case using the high gas of deposition nature. 

[0013] Since the area which it is a source of plasma production near the counterelectrode plate, 
and is moreover put to the plasma with above-mentioned plasma treatment equipment was large, 
when the resultant in the plasma tends to have adhered and many this resultant adhered, the 
bias voltage generated on the surface of a sample became instability, or became uneven, and 
there was a problem that effect arose in plasma treatment. 

[0014] When an insulator layer like silicon oxide (Si02) was formed especially, in spite of having 
formed the insulator layer in the front face of a counterelectrode plate and having grounded the 
counterelectrode plate, there was a problem that sufficient effectiveness is lost, the bias voltage 
generated on the surface of a sample serves as instability, or becomes uneven, embedding 
flattening of an insulator layer was inadequate, or the amount of membrane formation became an 
ununiformity. 

[0015] This invention is made in view of such a technical problem, and it aims at offering the 
plasma treatment equipment in which the uniform and stabilized plasma treatment is possible 
also in the long-term activity. 
[0016] 

[Means for Solving the Problem] The dielectric line 21 which turns into microwave waveguide as 
this invention is shown in drawing 1 , The reaction container 1 by which the microwave inlet 3 by 
which opening was carried out to the field which counters this dielectric line 21 was airtightly 
closed with the microwave installation plate 4, The sample base 6 arranged in this reaction 
container 1, and a means to impress RF electric field or direct-current electric field to this 
sample base 6 (RF generator 7), The counterelectrode plate 5 which has hole 5b into which the 
plasma is made to introduce or it is prepared between said microwave installation plates 4 and 
said sample bases 6 and makes, microv/ave penetrate, Let plasma treatment equipment equipped 
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with a means to ground this counterelectrode plate 5, a means (RF generator 8) to impress RF 
electric field or direct-current electric field to this counterelectrode plate 5, and the means 9 
that switches these be a summary. 
[0017] 

[Function] The plasma treatment equipment of this invention is equipped with a means to ground 
a counterelectrode plate, a means to impress RF electric field or direct-current electric field to 
a counterelectrode plate, and the means that switches these. For this reason, when performing 
plasma treatment to a sample, a counterelectrode plate is grounded, the bias voltage uniform 
[ on the sample front face ] and stabilized on it is produced, and plasma treatment can be 
performed. Moreover, at the time of the cleaning performed periodically, spatter clearance of the 
resultant adhering to a counterelectrode plate can be efficiently carried out by impressing high 
frequency electric field or direct-current electric field to a counterelectrode plate, making the 
front face of a counterelectrode plate generate bias voltage, and accelerating and carrying out 
incidence of the ion to a counterelectrode plate. Therefore, the bias voltage generated on a 
sample front face can serve as instability, or can take and remove the effect it is uninfluential to 
an ununiformity and plasma treatment is affected. Embedding flattening of the insulator layer 
produced when an insulator layer like silicon oxide (Si02) was formed especially can be 
inadequate, or the problem from which the amount of membrane formation becomes an 
ununiformity can be solved. 

[0018] Moreover, when plasma treatment is repeated by carrying out like this, the problem which 
the resultant adhering to a counterelectrode plate exfoliates and serves as a source of release 

of particle can also be solved. 

[0019] Moreover, when forming a metal membrane like a tungsten (W), titanium (Ti), and titanium 
nitride (TiN), there is a problem which a metal membrane adheres to a microwave installation 
plate, and causes poor microwave transparency. In this case, by plasma cleaning which 
impresses RF electric field or direct-current electric field to this counterelectrode plate, since 
the plasma can be strongly generated near the counterelectrode plate, the metal membrane 
adhering to a microwave installation plate can be removed efficiently, and this problem can be 
solved. 
[0020] 

[Example] The sectional view showing one example of the plasma treatment equipment of this 
invention is shown in d rawing 1 . In the plasma treatment equipment of this example, it can 
choose now whether the counterelectrode plate 5 is grounded with the switch means 9, or it 
connects with RF generator 8 and a RF is impressed. 

[0021] The counterelectrode plate 5 is insulated with the reaction container 1 by insulators (not 
shown), such as a quartz and an alumina. About the detail of drawing, since it is the same as the 
plasma equipment explained based on drawing 4 in the column of [Description of the Prior Art], 
explanation is omitted. The frequency of the microwave used in this example is 2.45GHz, and the 
frequency of a RF is 13.56MHz. 

[0022] Drawin g 2 is the top view of the counterelectrode plate 5. Two or more hole 5b of the 
rectangle for introducing microwave into a reaction chamber 2 is prepared. 
[0023] When performing plasma treatment to a sample in this equipment, the case where 
cleaning of a counterelectrode plate is performed is explained based on draw ing 1 . 
[0024] First, the case where plasma treatment is performed to a sample is explained. 
Beforehand, the counterelectrode plate 5 is grounded with the switch means 9. the solvent of 
predetermined temperature — constant temperature — it is made to circulate in a fluid channel 
15 Reactant gas is supplied from the gas installation hole 12 prepared in the perimeter wall, and 
let the inside of a reaction chamber 2 be a predetermined pressure, after performing exhaust air 
from an exhaust port 1 3 and exhausting the inside of a reaction chamber 2 to a necessary 
pressure. Microwave is oscillated in a microwave oscillator 24 and it introduces into the 
dielectric line 21 through a waveguide 23, and it reaches, the microwave installation plate 4 is 
supplied in a reaction chamber 2 through hole 5b of the counterelectrode plate 5, and the plasma 
is made to generate. Plasma treatment is performed to Sample S, impressing high-frequency 
power to the sample base 6 r making a sample S front face generate bias voltage, and controlling 
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the anisotropy and acceleration energy of ion in the plasma. 

[0025] Next, the case where a counterelectrode plate is cleaned is explained, the solvent of 
predetermined temperature — constant temperature — it is made to circulate in a fluid channel 
15 The gas for cleaning is supplied from the gas installation hole 12 prepared in the perimeter 
wall, and let the inside of a reaction chamber 2 be a predetermined pressure, after performing 
exhaust air from an exhaust port 13 and exhausting the inside of a reaction chamber 2 to a 
necessary pressure. Microwave is oscillated in a microwave oscillator 24, and it introduces into 
the dielectric line 21 through a waveguide 23, it supplies in a reaction chamber 2 through hole 5b 
of the microwave installation plate 4 and the counterelectrode plate 5, and the plasma is made to 
generate. RF generator 8 is connected to the counterelectrode plate 5 with the switch means 9, 
and a RF is impressed. If it does so, while the plasma will generate further to about five 
counterelectrode plate, bias voltage occurs to the counterelectrode plate 5, ion is accelerated 
towards the counterelectrode plate 5, and cleaning treatment of the counterelectrode plate 5 is 
performed. At this time, the dummy wafer is laid on the sample base 6 for protection of a sample 
base front face. Moreover, the sample base 6 may be grounded and may impress RF electric field 
or direct-current electric field. 

[0026] The equipment of this example was applied to membrane formation of the silicon oxide for 
interlayer insulation films (Si02 film). The membrane formation conditions are as follows. A 
quantity of gas flow is SiH4. : It is 90sccm, O2:150sccm, and Ar:60sccm, and, in the pressure, 
30mTorKs) and microwave power set RF power of 1500W and a sample base to 100W. 
[0027] When membrane formation processing was repeated on this condition, lowering of the 
amount of membrane formation and homogeneous aggravation were seen by processing of 1000 
wafers, i.e., 500-micrometer membrane formation. 

[0028] On the other hand, aggravation of aggravation of an embedding flattening configuration, 
lowering of the amount of membrane formation, and the homogeneity within the wafer side of the 
amount of membrane formation was able to be suppressed by carrying out cleaning treatment to 
processing of 800 sheets periodically once by one membrane formation, i.e., 400 micrometers. 
Moreover, the yield of particle was able to be controlled. 

[0029] The cleaning conditions at this time are as follows. A quantity of gas flow is CF4. : 
100sccm, 02 : It is 400sccm and, in the pressure, 40mTorr(s) and microwave power set 1300W 
and RF power of a counterelectrode to 300W. The sample base was grounded. 
[0030] The sectional view showing other examples of the plasma treatment equipment of this 
invention is shown in drawin g 3 . In the plasma treatment equipment of this example, the 
counterelectrode plate 5 is formed between the microwave installation plate 4 and the sample 
base 6. Hole 5b of the counterelectrode plate 5 makes the plasma generated between the 
microwave installation plate 4 and the counterelectrode plate 5 introduce into the direction of 
the sample base 6 at this time while making microwave penetrate. Also in this example, the same 
effectiveness as a previous example was acquired. 



[Effect of the Invention] If it is in this invention equipment as explained in full detail above, also 
in a long-term activity, it is uniform and the stable plasma treatment becomes possible. 



[0031] 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Draw ing 1] It is the sectional view of the example of the plasma treatment equipment of this 

invention. 

[Drawin g. 2] It is the top view showing the counterelectrode plate of the example of the plasma 
treatment equipment of this invention. 

[Drawing 3] It is the sectional view of other examples of the plasma treatment equipment of this 
invention. 

[Drawing 4] It is the sectional view of conventional plasma treatment equipment. 
[Description of Notations] 

1 Reaction Container 

2 Reaction Chamber 

3 Microwave Inlet 

4 Microwave Installation Plate 

5 Counterelectrode Plate 

5a The body of a counterelectrode plate 
5b Hole 

6 Sample Base 

7 RF Generator 

8 RF Generator 

9 Switch Means 

11 O Ring 

12 Gas Installation Hole 

13 Exhaust Port 

15 Constant Temperature — Fluid Path 

21 Dielectric Line 
21a Dielectric layer 
21b Metal plate 

22 Air Space 

23 Waveguide 

24 Microwave Oscillator 



[Translation done.] 
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